Study Design. Retrospective cross-sectional study Objective. Determine if pre-operative cervical alignment serves as an independent predictor of pre-operative disability as measured by the neck disability index (NDI). Summary of Background Data. There is growing interest in the relationship between cervical sagittal alignment and clinical outcomes. While prior studies have shown that C2-C7 sagittal vertical axis (SVA) correlates with worse NDI scores in postoperative patients, no studies to date have examined the impact of cervical sagittal parameters on pre-operative disability in patients indicated for surgery. Methods. Patients with pre-operative standing cervical radiographs, no prior cervical spine procedures and a pre-operative NDI score were identified. Measurements were made by two observers at two different time points. Parameters measured were: Occiput-C2 angle, C1-C2 angle, C2-C7 angle (CL), T1 slope (TS), TS minus CL (TS-CL), C2-C7 SVA, and C1-C7 SVA. Intra-and inter-observer reliability was calculated. Subgroup analyses of myelopathy vs. radiculopathy and deformity vs. no deformity was performed. A multivariate linear regression was performed. Results. Ninety patients were included. Indications included cervical myelopathy (n ¼ 63), cervical radiculopathy (n ¼ 25), cervical stenosis (n ¼ 9), and others (n ¼ 5). CL averaged À13.7 AE 14.9 degrees. TS averaged 30.7 AE 10.4 degrees and C2-C7 SVA averaged 28.8 AE 13.2 mm. Intra-and inter-observer reliability was good to excellent (ICC > 0.8). Increasing CL (r ¼ 0.277, P ¼ 0.009), increasing TS (r ¼ À0.273, P ¼ 0.011) and increasing TS-CL (r ¼ À0.301, P ¼ 0.005) were correlated with decreasing NDI. CL, TS and TS-CL were also strongly correlated with each other (r > 0.65, P < 0.001 for all bivariate correlations). A multivariate regression adjusting for age and indication showed TS-CL (P ¼ 0.040) and C2-C7 SVA (P ¼ 0.015) were independent predictors of NDI. Conclusion. Increasing CL, increasing TS and increasing TS-CL are correlated with decreasingpre-operative NDI. Low TS-CL and high C2-C7 SVA are independent predictors of high preoperative NDI.
N umerous studies have elucidated the link between sagittal alignment and health related quality of life (HRQOL) outcomes. [1] [2] [3] [4] [5] [6] [7] [8] Increasing sagittal imbalance as defined by the sagittal vertical axis (SVA) has been strongly correlated with HRQOLs. 2, 3, 9 Deformity surgeons have come to understand the pelvis as a regulator of sagittal plane alignment and the treatment of adult deformity hinges on achieving spinopelvic harmony. 10 Although several investigators have highlighted the importance of global sagittal alignment, 2,10,11 the importance of regional cervical alignment has recently become more apparent. 12, 13 For example, Lee et al 12 have shown that cervical lordosis (CL) may be regulated by the alignment of the thoracic spine and ribcage. The investigators have described the thoracic-inlet angle (TIA), a morphological parameter in the cervicothoracic spine that may predict the physiological alignment of the cervical spine in the same way that pelvic incidence (PI) is used to guide LL. 12 Other investigators have postulated that T1 Slope (TS) minus CL (TS-CL) might function as the cervical analog to PI-LL in patients with cervical sagittal deformity. 14 Recently, investigators have linked these regional cervical alignment parameters to HRQOL. 4, 12, 13, [15] [16] [17] [18] The existing literature, however, has almost exclusively focused on postoperative cervical alignment and patient outcomes. 4, 12, 13, 17, 18 Being able to correlate preoperative disability with HRQOL would be an important corollary to this previously published work as it would highlight the importance of alignment independent of operative intervention or technique.
The goals of this study were (1) to evaluate the impact of standing cervical alignment parameters on preoperative HRQOL as measured by the Neck Disability Index (NDI) and (2) to identify the radiographic parameters that are most predictive of preoperative disability level.
MATERIALS AND METHODS
This was a retrospective cohort study that examined preoperative standing cervical radiographs in patients indicated for surgery between March 2015 and May 2015. Patients were included if they had (1) preoperative standing cervical radiographs, (2) no prior cervical spine procedures or instrumentation into the cervical spine, (3) a recorded preoperative NDI score, and (4) were indicated for surgery. Indications for surgery were categorized as cervical myelopathy, stenosis, radiculopathy, instability, or other diagnoses. In cases of myelopathy, we recommend surgery for nonprogressive myelopathy when the following three findings were present: (1) radiographic evidence of cord compression, (2) Japanese Orthopedic Association (JOA) score of < 13 points, and (3) myelopathic symptoms with or without long tract signs (patients with diabetes, peripheral neuropathy, or severe root compression may not manifest long tract signs). In addition, any patient with cord signal change with cord compression on MRI was recommended to have surgery.
Radiographic images were obtained via a standard lateral cervical X-ray series protocol and uploaded to the PACS system at our institution. To obtain a lateral X-ray, patients were told to stand as upright as possible and to look straight ahead. The following radiographic parameters were measured: (1) occiput-C2 lordosis angle (O-C2 angle, measured by the angle subtended between McGregor's Line and along the inferior endplate of C2); (2) C1-C2 lordosis angle (C1-C2 angle, measured by the angle subtended between a line connecting the inferior edges of the posterior and anterior arches of C1 and the inferior endplate of C2); (3) cervical lordosis defined as the C2-C7 angle (CL, angle subtended by lines drawn along the posterior vertebral bodies of C2 and C7); (4) T1 slope (TS); (5) TS minus CL (TS-CL); (6) C2-C7 SVA; and (7) C1-C7 SVA (Fig. 1) . Even though TS is not a true morphologic parameter and may change with body position, 12 other investigators have utilized standing TS-CL as a measurement of cervicothoracic mismatch. 14, 17 For all measurements, lordosis was considered negative and kyphosis was positive. Therefore, increasing lordosis corresponds to a more negative number and decreasing lordosis corresponds to a less negative or positive number.
Radiographs were reviewed by two chief residents at two separate time points. (The residents had independently reviewed and measured more than several hundred spine X-rays during their training before this review.) The final values used for analysis were the average value of all measurements. The TS and O-C2 angle could not be visualized in some radiographs. If the observers differed on whether the landmark could be visualized, the radiograph was reviewed and a final decision was made after discussion between the two reviewers. Intra-and interobserver reliability were calculated before these discussions. After completion of radiographic measurements, patients were assigned to a cervical deformity or nondeformity group. Cervical deformity was defined as C2-C7 SVA greater than 4 cm or cervical kyphosis greater than 10 degrees.
HRQOL surveys were obtained from each patient at the time of their preoperative office visit. These included NDI and Scoliosis Research Society (SRS-22) scores. Because we wished to focus on cervical alignment and outcomes, we limited our investigation to NDI.
Statistical Analysis
A Shapiro-Wilk test of normality was performed to ensure a parametric distribution for the preoperative NDI scores and (2) C2-C7 SVA-the distance from the posterior, superior corner of C7 to the plumbline from the centroid of C2, (3) C1-C7 SVA-the distance from the posterior superior corner of C7 to the plumbline from the C1 anterior arch, (4) occiput-C2 angle-the angle between the opisthion and hard palette to C2, (5) cervical lordosis (CL)-measured using the posterior border of C2 and C7, that is, the Harrison method; and (6) T1 slope (TS)-the angle from the horizontal to the upper end, plate of the T1 vertebra. The TS-CL measurement was calculated by subtracting the value of CL from TS. All lordosis was recorded as negative values.
all radiographic measurements (P > 0.05 for all variables). Once normality was established, a Pearson product-moment correlation coefficients table was constructed to determine the correlations between all radiographic variables, NDI and patient age. Subgroup analyses were performed based on patient diagnosis (myelopathy and radiculopathy) and the presence of absence of deformity. A significant correlation was defined as P < 0.05. A backward linear regression using all measured radiographic variables was performed to determine whether any radiographic variables would serve as independent predictors of NDI. Because of the exploratory nature of the analysis, a P value of 0.15 was chosen as the critical threshold for retention in the model. Age, sex, body mass index, number of levels affected, preoperative indication, and presence of cervical deformity were included in the regression model as possible confounding variables. To better visualize the relationship between radiographic parameters and NDI scores, the SPSS software was used to create five groups for C2-C7 SVA and TS-CL with approximately equal numbers of patients in each group.
Intra-and interobserver reliability were assessed using intraclass correlation coefficient (ICC). ICC was calculated using a two-way mixed model checking for absolute agreement among observers. The internal consistency of the measurements was characterized as excellent (ICC > ¼ 0.9), good (0.7 < ¼ ICC <0.9), acceptable (0.6 < ICC < ¼ 0.7), poor (0.5 < ¼ ICC < 0.6), or unpredictable (ICC < 0.5). 19 
RESULTS

Demographic Data
We identified 90 patients meeting our inclusion criteria (43 female, 47 male). The patients had an average age of 56.3 years (range 29-84 yrs). Cervical myelopathy was the most common indication for surgery (n ¼ 63, 70.0%), followed by cervical radiculopathy (n ¼ 25, 27.8%), cervical stenosis (n ¼ 9, 10%), instability (n ¼ 2, 2.2%), and other (n ¼ 3, 3.3%) ( Table 1) . Multiple patients presented with a combination of complaints. The majority of patients had two levels affected (n ¼ 27, 30.0%) followed by five levels (n ¼ 21, 23.3%), one level (n ¼ 18, 20.0%), and three levels (n ¼ 14, 15.67%).
Reliability Analysis
We demonstrated good to excellent inter-and intraobserver reliability for all measured radiographic variables (all ICC > 0.8), with most having an excellent reliability (ICC > 0.95) ( Table 2) . Overall, there were five patients in whom TS could not be measured and four patients in whom the O-C2 angle could not be measured.
Radiographic Measurements and Correlation
The mean values for the various parameters measured are consistent with previously reported values ( Table 2) . CL averaged 13.7 AE 14.9 degrees, TS averaged 30.7 AE 10.4 degrees, and C2-C7 SVA averaged 28.8 AE 13.2 degrees. TS-CL averaged 44.5 AE 23.7 (range 27.3 to 92.8). The preoperative NDI score averaged 34.5 AE 20.4 (range 0 to 76).
There was no significant correlation between preoperative NDI and age (r ¼ À0.141, P ¼ 0.196). Increasing age was correlated with increasing CL (r ¼ À0.396, P < 0.001), increasing TS (r ¼ 0.439, P < 0.001), and increasing C2-C7 SVA (r ¼ 0.233, P ¼ 0.032) as has been previously described. 17, 20 TS and CL were closely related (r ¼ À0.680, P < 0.001). Increasing TS was also correlated to increasing C2-C7 SVA (r ¼ 0.342, P ¼ 0.001) ( Table 3) . This finding corroborates the relationship between CL and TS.
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Correlation Analysis (NDI)
Increasing preoperative CL was correlated with decreasing preoperative NDI (r ¼ 0.277, P ¼ 0.009) (Fig. 2) . Similarly, increasing TS (r ¼ À0.273, P ¼ 0.011) (Fig. 3) and TS-CL (r ¼ À0.301, P ¼ 0.005) (Fig. 4) were also correlated with decreasing NDI (Table 4) . Two subgroup analyses were performed. We first conducted an analysis comparing patients with myelopathy and radiculopathy. Two patients presenting with myeloradiculopathy were excluded, leaving 61 patients (67.8%) with myelopathy and 23 patients (25.6%) with radiculopathy. Patients presenting with myelopathy tended to be older (58 years vs. 50.5 years, P ¼ 0.022), had a higher number of levels affected (3.4 vs. 1.9, P <0.001) but had a lower preoperative NDI score (30.3% vs. 42.9%, P ¼ 0.010). There were no differences between groups for any of the radiographic variables (Table 5a ). Patients with myelopathy showed a significant correlation between sagittal alignment parameters and NDI (Table 4 ). In patients with radiculopathy, however, there were no significant relationships between radiographic alignment and NDI.
We performed a second subgroup analysis in patients presenting to our clinic with cervical deformity. A total of 21 patients (23.3%) with cervical deformity were identified.
There were no significant differences in patient age, sex, preoperative NDI score, or number of levels affected between the deformity and nondeformity group. Not surprisingly, patients with deformity had a higher C2-C7 SVA (2.4cm vs. 4.4cm, P < 0.001) but there was no difference in CL or TS between groups (Table 5b ). There was a stronger correlation between radiographic alignment and outcomes in patients with cervical deformity (Table 4) . Importantly, however, there was still a significant correlation between C2-C7 SVA and HRQOL even in patients who did not meet the criteria for cervical deformity (Table 4) .
Linear Regression
The multivariate regression analysis (r ¼ 0.573, R 2 ¼ 0.33, P < 0.001) showed that TS-CL (P ¼ 0.040) and C2-C7 SVA (0.015) were independent predictors of NDI. The adjusted model showed that decreasing TS-CL correlated with increasing NDI, whereas increasing C2-C7 SVA correlated with increasing NDI. The other variables retained in the regression model were sex (P ¼ 0.101), number of levels (P ¼ 0.110), diagnosis of myelopathy (P ¼ 0.194), diagnosis of radiculopathy (P ¼ 0.111), diagnosis of instability (P ¼ 0.115), and other diagnosis (P ¼ 0.187).
DISCUSSION
Our data suggest that multiple cervical sagittal alignment parameters are associated with higher NDI scores in preoperative patients. In our bivariate analysis, we found that increasing CL, increasing TS, and increasing TS-CL were correlated with decreasing NDI. These relationships were not significant in patients with radiculopathy but appeared to be particularly pronounced in patients with cervical deformity. The results of our multivariate regression showed that decreasing TS-CL and increasing C2-C7 SVA were independent predictors of cervical deformity. Taken together, these findings add to the existing evidence highlighting the role of cervical alignment in HRQOL. 13, 17, 21 For instance, Tang, et al 13 have shown that postoperative C2-C7 SVA was an independent predictor of disability in a series of patients treated with posterior cervical fusion for stenosis, myelopathy, and/or kyphosis. Subsequent work has shown that C2-C7 SVA is associated with worse NDI in ankylosing spondylitis patients 17 and is also correlated to myelopathy severity as measured by mJOA. 21 Our work builds on this literature by highlighting the link between preoperative cervical sagittal alignment and HRQOL. There is no doubt that alignment is only one of several variables that influence outcomes after cervical surgery. Appropriate indications, choice of approach, adequate decompression, and instrumentation choices all contribute to optimizing patient outcomes after surgery. Our data is important, however, because it highlights the relationship between alignment and outcomes independent of these surgical variables and suggests that surgeons should add alignment as a consideration when formulating their operative plan.
We acknowledge that the data presented here represents a heterogeneous patient population. We have attempted to control for this fact in two ways: (1) we conducted a linear regression controlling for all relevant clinical variables and (2) we performed two subgroup analyses. The results of our regression confirmed that sagittal alignment was an important predictor of disability. The other retained variables including sex, number of levels, myelopathy, radiculopathy, and instability were not significant predictors of preoperative NDI score.
The results of our subgroup analysis showed that whereas sagittal alignment appears to correlate with HRQOL in patients with myelopathy, it does not appear to play as important a role in patients diagnosed with radiculopathy. This is not entirely surprising because the diagnosis of radiculopathy implies that we have been able to identify a focal pathology (i.e., foraminal compression) that explains the patients' disability. The localized nature of these patients' complaints is evident by the fact that they had higher NDI scores despite having fewer levels affected than patients with myelopathy. The nature of patient complaints in a slowly progressive disease such as myelopathy, however, is less likely to be focal and their perception of disability, our analysis suggests, is more likely to be affected by sagittal alignment parameters.
Our second subgroup analysis was performed in patients with cervical deformity. We acknowledge that the correlation we established between NDI and CL, TS and TS-CL was weaker than the corresponding relationships in the lumbar spine. [1] [2] [3] 11, 22 However, a stronger link between alignment and HRQOL in the lumbar spine is not unexpected because these studies have focused on patients with preexisting sagittal deformity. [1] [2] [3] 11, 22 When we restricted our analysis to patients with cervical deformity, we did find a stronger correlation between sagittal alignment and outcomes. Importantly, there was a significant correlation between C2-C7 SVA and HRQOL even in patients presenting without cervical deformity. As currently presented, the results of this study have important clinical implications in a patient population whose major presenting complaint was myelopathy. Because TS-CL and C2-C7 SVA seem to be a robust predictors of disability, we believe the results of this study should encourage physicians to obtain standing preoperative cervical films and critically evaluate the relationship between TS, CL, and C2-C7 SVA in all patients with cervical pathology, even those without obvious deformity. We were able to corroborate previous work 12, 23 and show the importance of TS as a regulator of regional alignment in the cervical spine. High TS and high CL were often found in the same subset of patients as evidenced by the strong correlation between them (Table 3) . TS was also correlated with C2-C7 SVA, which emerged as an independent predictor of NDI in our multivariate analysis and was correlated to disability in patients without cervical deformity. We believe a larger, prospective study is warranted to further explore these relationships in both pre-and postoperative patient populations. A larger study would also allow us to develop target ranges for TS, CL, and TS-CL analogous to PI-LL in the lumbar spine.
In summary, we have demonstrated that CL, TS, and TS-CL are strongly correlated to each other. Increasing CL, increasing TS and increasing TS-CL are all correlated with decreasing NDI. Low TS-CL, along with high C2-C7 SVA were independent predictors of high preoperative NDI. This is the first study to show a relationship between preoperative TS-CL and NDI and adds to the emerging body of evidence linking cervical sagittal alignment to patient disability.
